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Distribution of Enterobacteriaceae producing extended-spectrum beta-lactamase 
enzymes in Ardabil wastewater treatment plant 
 
 
Abstract 
 
Background and objective:  Enterobacteriaceae family, as the microflora of the human 
gastrointestinal tract, forms a large part of the bacteria present in wastewater and with 
producing extended-spectrum beta-lactamase enzymes are resistance to beta-lactam 
antibiotics. The aim of this study was to determine the frequency of enterobacteriaceae 
producing extended-spectrum beta-lactamase enzymes in Ardabil wastewater treatment 
plant. 
Methods: ‌After sampling‌ from Ardabil WWTP, Isolates were identified by standard 
biochemical tests. The antibiotic resistance pattern of the isolates was determined using 
the disk diffusion method. ESBL and AmpC producing isolates were screened using 
standard dual disks. Isolates tested to identify common ESBL and AmpC beta-
lactamase genes by PCR and the molecular relationship of ESBL and AmpC producing 
isolates were determined using ERIC-PCR method. 
Results: Among 146 isolated Enterobacteriaceae, Klebsiella pneumoniae and 
Escherichia coli had the highest frequency with 37 isolates (25%) and 34 isolates 
(23%), respectively. Among the total isolates, 8 (8/146) isolates (5.48%) were ESBL 
producers and 18 (18/146) isolates (12.33%) were producers of AmpC beta-lactamases 
and 5 isolates (5/146) of Enterobacteriaceae (3.42%) jointly produced both ESBL and 
AmpC enzymes. The most antibiotic resistance of the isolates was to beta-lactams 
(82.2% ampicillin and 41.1% cephalexin) and fluoroquinolones (43.8% nalidixic acid) 
and the highest antibiotic susceptibility was to aminoglycosides (100% amikacin and 
96.5% gentamicin) and cefepime (97 3%). The rate of multidrug resistant (MDR) 
among ESBL and AmpC producing isolates was 75% and 55.5%, respectively. Based 
on ERIC-PCR results, ESBL and AmpC producing isolates were classified into 25 
clusters with 80% similarity. 
 
Conclusion: The findings of this study showed that a significant proportion of 
Enterobacteriaceae isolates in wastewater treatment plants produced beta-lactamase 
enzymes of ESBL and AmpC. Carrying the ESBL and AmpC-encoding genes beta-
lactamase in wastewater treatment plant in particular effluent section threatens general 
health and effective therapies. 
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